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(54) START CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a start control device 
for an internal combustion engine for preventing erroneous 
injection and erroneous ignition caused by erroneous detection 
of a crank angle reference position in a timing where fluctuation 
of engine revolution is large at an early stage of the start and 
thereby to improve startability by combustion pressure in a 
system injecting/igniting fuel in a cylinder in an expansion 
stroke or a cylinder in a compression stroke at the time of the 
start. 

SOLUTION: The erroneous detection of the crank angle 
reference position is prevented by prohibiting detection of the 
crank angle reference position by a crank angle pulse signal 
with unequal intervals until a predetermined period (for example, 
180°CA) having a possibility of occurrence of the erroneous 
detection of the crank angle reference position has elapsed 
from starting of the start (steps 101, 103), and the fuel is 
injected in the cylinder in the expansion stroke or the cylinder 
in the compression stroke by performing cylinder discrimination 
using an engine stop position detected before the start (at the 

time of the last engine stop) as a reference. Further, a compression top dead center (TDG) is detected 
based on the fluctuation of the engine revolution until the crank angle reference position has been 
detected from the starting of the start, and the ignition is performed after the detection of the top 
dead center (TDC) in compression. 
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* NOTICES * 

«TPO amd NCZPI are not responsible for any 
damages caused by the use o£ tbls translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A crank angle pulse signal generating means to generate a crank angle pulse signal at equal intervals 
according to rotation of an internal combustion engine in the crank angle field except a predetermined crank 
angle criteria location, and to generate the crank angle pulse signal of inequality spacing in this crank angle 
criteria location, 

A crank angle detection means by which detect the location which the pulse separation of the crank angle 
pulse signal outputted from said crank angle pulse signal generating means distinguish regular intervals or 
inequality spacing, and the crank angle pulse signal of said inequality spacing generates as said crank angle 
criteria location, and count said crank angle pulse signal at equal intervals from this crank angle criteria 
location, and the number of counts detects a crank angle. 

The starting control means which performs starting control which injects a fuel and lights it into the gas 
column which is in a compression stroke as an expansion line at the time of an internal combustion engine's 
starting 

In the starting control unit of preparation **********^ 

It has a halt location detection means to detect an internal combustion engine's halt location, 

Said starting control means is the starting control unit of the intemal combustion engine characterized by to 

forbid detection of said crank angle criteria location by the crank angle pulse signal of said inequality 

spacing until a predetermined period passes since initiation of said starting control, to carry out gas column 

distinction on the basis of the halt location detected with said halt location detection means, and to perform 

injection control and/or ignition control. 

[Claim 2] 

Said starting control means is the starting control unit of the intemal combustion engine according to claim 
1 characterized by forbidding detection of said crank angle criteria location by changing the decision value 
from which the pulse separation of said crank angle pulse signal distinguish regular intervals or inequality 
spacing into the decision value which makes inequality spacing distinction impossible until said 
predetermined period passes since initiation of said starting control. 
[Claim 3] 

Said starting control means is the starting control unit of the intemal combustion engine according to claim 
1 or 2 characterized by setting said predetermined period which forbids detection of said crank angle criteria 
location as a period until angle of rotation of the crankshaft from initiation of said starting control reaches a 
predetermined include angle. 
[Claim 4] 

Said starting control means is the starting control unit of the intemal combustion engine according to claim 
1 or 2 characterized by setting said predetermined period which forbids detection of said crank angle criteria 
location as a period until engine rotational speed reaches a predetermined value. 
[Claim 5] 

Said starting control means is the starting control unit of the intemal combustion engine according to claim 
1 or 2 characterized by setting said predetermined period which forbids detection of said crank angle criteria 
location as a period until engine rotation fluctuation becomes below a predetermined value. 
[Claim 6] 

Said starting control means is the starting control unit of the intemal combustion engine according to claim 
1 to 5 characterized by detecting a compression top dead center based on engine rotation fluctuation, and 
performing ignition after detection of this compression top dead center until said crank angle criteria 
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location is detected from initiation of said starting control. 
[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

In case this invention puts an internal combustion engine (engine) into operation, it relates to the starting 
control unit of the internal combustion engine which does the rotation drive of the crankshaft by injecting a 
fiiel and lighting it into the gas column which is in a compression stroke as an expansion line. 
[0002] 

[Description of the Prior Art] 

In recent years, in the engine carried in a car, there are some which adopted engine automatic stay and 
starting system (the so-called idling stop equipment) for the purpose of fuel consumption reduction, exhaust 
air emission reduction, and the reduction in the noise. This engine automatic stay and starting system 
suspend an engine automatically, when an operator stops a car, and when actuation (for example, accelerator 
pedal treading-in actuation etc.) in which an operator is going to start a car is performed after that, he 
energizes it to a starter and is trying to restart an engine automatically. For this reason, to the city area transit 
whose stop frequency increases, the count of a drive of a starter increases, the load conceming a starter or a 
dc-battery becomes large, and there is a possibility of becoming easy to generate failure of a starter and a dc- 
battery riser, 
[0003] 

Carrying out "starter loess starting" which puts into operation in an engine, without using a starter because 
an expansion line generates combustion by injecting a fuel and lighting it into the gas column which exists 
like an expansion line in case automatic starting of the engine is carried out as this cure, as shown in the 
patent reference 1 (JP,2002-39038,A) and this expansion line carries out the rotation drive (cranking) of the 
crankshaft by the firing pressure of combustion is proposed. 
[0004] 

The stopper made to suspend rotation of a crankshaft compulsorily with the technique of this patent 
reference 1 in the location where the 1st cylinder becomes A- 140 degrees-C [ of ATDCIO degrees C like an 
expansion line ] A at the time of an engine shutdown is formed. With this stopper He always injects and 
li^ts a fuel from the 1 st cylinder, and is trying for an expansion line to generate combustion at the time of 
restart with restricting an engine shutdown location to the location where the 1st cylinder always becomes 
A- 140 degrees-C [ of ATDCIO degrees C like an expansion line ] A. 
[0005] 

And as shown in the patent reference 2 (JP,8-50035,A), it is made to perform detection (distinction of a 
specific gas column) of the crank angle criteria location after an engine begins to rotate the first expansion 
line by combustion at the time of restart by judging the pulse separation of the crank angle pulse signal 
outputted from a crank angle sensor. This crank angle sensor is constituted so that a crank angle pulse signal 
at equal intervals may be generated according to rotation of an engine in the crank angle field except a 
predetermined crank angle criteria location and the crank angle pulse signal of inequality spacing may be 
generated in a crank angle criteria location. An engine control computer detects the location which the crank 
angle pulse signal of inequality spacing generates as a crank angle criteria location, and it counts a crank 
angle pulse signal at equal intervals from this crank angle criteria location, and he is trying to detect a crank 
angle by that counted value by distinguishing whether the pulse separation of the crank angle pulse signal 
outputted from this crank angle sensor are regular intervals or inequality spacing. 
[0006] 

[Patent reference 1] 
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JP,2002-39038,A (3rd page - the 5th page etc.) 
[Patent reference 2] 

JP,8-261053,A (5th page - the 6th page etc.) 
[0007] 

[Problem(s) to be Solved by the Invention] 

By the way, ahhough it serves for a starter to absorb the engine rotation fluctuation in early stages of 
starting, and to make engine rotation fluctuation small in starting by the starter, since engine rotation 
fluctuation depressor effect by the starter is not not expectable, as shown in drawing 2 , by starter loess 
starting which puts an engine into operation by the firing pressure, the inclination for the engine rotation 
fluctuation by initial combustion to become large is like the above-mentioned patent reference 1. 
[0008] 

Since the pulse separation of the crank angle pulse signal outputted from the crank angle sensor mentioned 
above change with engine speeds, if engine rotation fluctuation becomes large, pulse separation will stop 
being able to distinguish regular intervals or inequality spacing easily. Therefore, if the pulse separation of a 
crank angle pulse signal are judged immediately and it begins to detect a crank angle criteria location after 
an engine begins to rotate the first expansion line by combustion, by big engine rotation fluctuation by the 
initial combustion mentioned above, the misjudgment law of the regular intervals of a crank angle pulse 
signal and the inequality spacing may be carried out, and a crank angle criteria location may be incorrect- 
detected. If a crank angle criteria location is incorrect-detected, since wrong gas column distinction will be 
performed by this, it will inject and light at the wrong gas column, and the fault that it cannot start will 
occur. 
[0009] 

This invention is made in consideration of such a situation , therefore the purpose is in offering the starting 
control unit of the internal combustion engine which an expansion line can prevent [ internal combustion 
engine ] incorrect injection according [ on fiiel injection and the system which it lights and is put into 
operation by the firing pressure , and ] to incorrect detection of a crank angle criteria location in the gas 
column of a compression stroke to the stage when the engine rotation fluctuation in early stages of starting is 
large , and incorrect ignition , and can raise the startability by the firing pressure at the time of starting . 
[0010] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, the starting control unit of the internal combustion engine of 
claim 1 of this invention The location which the pulse separation of the crank angle pulse signal outputted 
fi'om a crank angle pulse signal generating means distinguish regular intervals or inequality spacing, and the 
crank angle pulse signal of inequality spacing generates is detected as a crank angle criteria location. In the 
system which counts a crank angle pulse signal at equal intervals fi^om this crank angle criteria location, and 
performs gas column distinction by the number of counts The starting control means which performs 
starting control which injects a fiiel and lights it into the gas column which is in a compression stroke as an 
expansion line at the time of an intemal combustion engine*s starting, Until it has a halt location detection 
means to detect an intemal combustion engine's halt location and a predetermined period passes since 
initiation of said starting control Detection of the crank angle criteria location by the crank angle pulse 
signal of said inequality spacing is forbidden, gas column distinction is carried out on the basis of the halt 
location detected with said halt location detection means, and it is made to perform injection control and/or 
ignition control. 
[0011] 

With this configuration, since detection of the crank angle criteria location by the crank angle pulse signal of 
inequality spacing is forbidden xmtil the predetermined period when engine rotation fluctuation becomes to 
some extent small passes since initiation of starting control, it can prevent incorrect-detecting a crank angle 
criteria location at the stage when the engine rotation fluctuation in early stages of starting is large. And 
during the detection prohibition period of this crank angle criteria location, since gas column distinction is 
carried out on the basis of the halt location detected with the halt location detection means, the engine 
rotation fluctuation in early stages of starting can carry out gas column distinction, without detecting a crank 
angle criteria location at a large stage, incorrect injection and incorrect ignition can be prevented, and the 
startability by the firing pressure can be raised. 
[0012] 

Although it may not be made not to perform processing whose pulse separation of a crank angle pulse signal 
distinguish regular intervals or inequality spacing as the technique of forbidding detection of a crank angle 
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criteria location, in this case, like claim 2 You may make it forbid detection of a crank angle criteria location 
by changing the decision value from which the pulse separation of a crank angle pulse signal distinguish 
regular intervals or inequality spacing until said predetermined period passes since initiation of starting 
control into the decision value which makes inequality spacing distinction impossible. If it does in this way, 
even if the pulse separation of a crank angle pulse signal do not stop the processing which distinguishes 
regular intervals or inequality spacing, detection of a crank angle criteria location can be forbidden during 
the detection prohibition period of a crank angle criteria location. 
[0013] 

Moreover, you may make it set the detection prohibition period (predetermined period) of a crank angle 
criteria location as a period until angle of rotation of the crankshaft from initiation of starting control reaches 
a predetermined include angle like claim 3. Since the engine rotation fluctuation in early stages of starting is 
known generally experientially [ a large period ] and experimentally, the detection prohibition period of a 
crank angle criteria location can be set up with angle of rotation of the crankshaft from initiation of starting 
control. What is necessary is for the number of coxmts of the crank angle pulse signal from initiation of 
starting control just to detect angle of rotation of the crankshaft from initiation of starting control. 
[0014] 

Moreover, engine rotation fluctuation becomes large at the stage when the engine rotational speed in early 
stages of starting is low, and you may make it set the detection prohibition period of a crank angle criteria 
location as a period until engine rotational speed reaches a predetermined value like claim 4 in consideration 
of becoming easy to detect a crank angle criteria location incorrect, thus ~ if it carries out — an internal 
combustion engine's starting conditions and a fiiel — even if the rise condition of the engine rotational speed 
at the time of starting changes with description, aging, manufacture dispersion, etc., according to it, the 
detection prohibition period of a crank angle criteria location can be set up proper. 
[0015] 

Or you may make it set the detection prohibition period of a crank angle criteria location as a period until 
engine rotation fluctuation becomes below a predetermined value like claim 5. Even if such, the same 
effectiveness as invention concerning above-mentioned claim 4 can be acquired. 
[0016] 

By the way, if it lights earlier than a compression top dead center, since an intemal combustion engine can 
reverse and cannot start, it is necessary to ** ignition timing rather than a compression top dead center, 
when carrying out fuel injection and ignition and starting in the gas column of a compression stroke but, and 
if ignition timing becomes late too much, torque required for starting is not acquired and cannot start. 
Therefore, although it is desirable to set up ignition timing at the stage to be [ after a compression top dead 
center ] not late, since the halt location which detected with a halt location detection means is positional 
information with a certain amount of width of face (an error), even if it detects a compression top dead 
center based on the number of counts of the crank-angle pulse signal from starting initiation on flie basis of 
the halt location which detected with a halt location detection means, it cannot detect a compression top 
dead center with a sufficient precision. 
[0017] 

It is good to detect a compression top dead center based on engine rotation fluctuation, and to be made to 
perform ignition after detection of this compression top dead center imtil said crank angle criteria location is 
detected from initiation of said starting control like claim 6 in consideration of this point. When the engine 
rotational speed in early stages of starting is low, engine rotational speed falls and a compression top dead 
center is crossed as the piston of the gas column of a compression stroke goes up and cylinder intemal 
pressure rises, in order to show the behavior that cylinder intemal pressure falls and engine rotational speed 
rises, engine rotational speed is reversed from a fall to a rise in a compression top dead center. Therefore, if 
the location which supervises this engine rotation fluctuation and engine rotational speed reverses from a 
fall to a rise is detected as a compression top dead center, even if it does not detect a crank angle criteria 
location, a compression top dead center can be detected with a comparatively sufficient precision. Thereby, 
to timing suitable after detection of a compression top dead center, it becomes possible to perform ignition 
and can start certainly. 
[0018] 

[Embodiment of the Invention] 
«operation gestalt (1) » 

Hereafter, the operation gestalt (1) of this invention is explained based on drawing 1 thru/or drawing 6 . 
First, based on drawing 1 , the outline configuration of the whole engine control system is explained. An air 
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cleaner 13 is formed in the maximxim upstream section of the inlet pipe 12 of the engine 1 1 which is the 
internal combustion engine of the injection type in a cylinder, and (he air flow meter 14 which detects an 
inhalation air content to the downstream of this air cleaner 13 is formed in it. The throttle valve 16 driven by 
the motors 15, such as a DC motor, is formed in the downstream of this air flow meter 14, and the opening 
(throttle opening) of this throttle valve 16 is detected by the throttle opening sensor 17. 
[0019] 

Moreover, a surge tank 1 8 is formed in the downstream of a throttle valve 1 6, and the pressure-of-induction- 
pipe force sensor 1 9 which detects the pressure-of-induction-pipe force to this surge tank 1 8 is formed in it. 
Moreover, the inlet manifold 20 which introduces air into each gas column of an engine 1 1 is formed in a 
surge tank 18, and the air-current control valve 31 which controls the air-current reinforcement in a cylinder 
(swirl style reinforcement and tumble flow reinforcement) to the inlet manifold 20 of each gas column is 
formed in it. 
[0020] 

The fuel injection valve 21 which injects a fiiel directly into a cylinder, respectively is attached in the upper 
part of each gas colimin of an engine 1 1 . An ignition plug 22 is attached in the cylinder head of an engine 1 1 
for every gas column, and it is lit by the spark discharge of each point fire plug 22 by the gaseous mixture in 
a cylinder. 
[0021] 

The knock sensor 32 which detects knocking, the cooling coolant temperature sensor 23 which detects 
cooling water temperature, and the crank angle sensor 24 (crank angle pulse signal generating means) which 
detects the crank angle of an engine 1 1 are attached in the cylinder block of an engine 1 1 . This crank angle 
sensor 24 is arranged so that the periphery of the signal rotor 37 attached in the crankshaft of an engine 1 1 
may be countered, gear-tooth 37a is formed in the periphery of this signal rotor 37 for every predetermined 
crank angle, and the toothless section which gear-tooth 37a for 1-3 pieces lacked is formed in the specific 
crank angle location (crank angle criteria location) of the periphery of this signal rotor 37 at it. Thereby, it 
follows on rotation of an engine 1 1 , and in crank angle fields other than the toothless section, a crank angle 
pulse signal at equal intervals is outputted fi-om the crank angle sensor 24 for every predetermined crank 
angle, and the crank angle pulse signal of inequality spacing which becomes long [ pulse separation ] is 
outputted in the toothless section (crank angle criteria location) (refer to drawing 5 ). 
[0022] 

On the other hand, the upstream catalyst 26 and the downstream catalyst 27 which purify an exhaust gas are 
prepared in the exhaust pipe 25 of an engine 11, and the discharge gas sensors 28 (an air- fuel ratio sensor, 
oxygen sensor, etc.) which detect the air-fiiel ratio of an exhaust gas, or rich/Lean to the upstream of the 
upstream catalyst 26 are formed in it. Moreover, between the surge tanks 1 8 of the downstream of the 
upstream catalyst 26 of the exhaust pipes 25, and the downstream of the throttle valve 16 of the inlet pipes 
12, the EGR piping 33 for making a part of exhaust gas flow back to an inspired air flow path is connected, 
and the EGR valve 34 which controls the amoimt of exhaust-gas reflux (the amount of EGR(s)) is formed 
while being this EGR piping 33. 
[0023] 

The output of the various sensors mentioned above is inputted into the engine control circuit (it is written as 
"ECU" below) 30. This ECU30 is performing various kinds of control programs which were constituted as a 
subject and memorized by built-in ROM (storage) in the microcomputer, and controls the fuel oil 
consumption of a fiiel injection valve 21, fuel injection timing, the ignition timing of an ignition plug 22, 
etc. according to an engine operation condition. 
[0024] 

The pulse separation of the crank angle pulse signal outputted firom the crank angle sensor 24 distinguish 
regular intervals or inequality spacing, the location (toothless section) which the crank angle pulse signal of 
inequality spacing generates is detected as a crank angle criteria location, and this ECU30 counts a crank 
angle pulse signal at equal intervals fi-om this crank angle criteria location, it detects a crank angle by that 
number of counts, and carries out gas column distinction. The fiinction of this ECU30 is equivalent to the 
crank angle detection means as used in the field of a claim. In addition, ECU30 detects an engine speed 
fi-om the generating frequency of a crank angle pulse signal at equal intervals. 
[0025] 

Moreover, ECU30 detects the engine shutdown location at that time, and memorizes it in the memory of 
ECU30 while it performs a fiiel cut and an ignition cut and stops an engine 1 1 automatically, when it also 
has the fimction of engine automatic stay and automatic starting, an operator stops a car and predetermined 
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automatic-stay conditions are satisfied. What is necessary is just to perform the detection approach of this 
engine shutdown location using the halt location detection technique indicated by for example, the patent 
No. 3186524 official report, JP,2002-39038,A, JP,60-240875,A, JP,1 1-107823,A, etc. The engine shutdown 
location detection function of this ECU30 is equivalent to the halt location detection means as used in the 
field of a claim. 
[0026] 

And ECU30 carries out gas column distinction on the basis of the engine shutdown location memorized by 
memory (when actuation in which an operator is going to start a car is performed), when predetermined 
automatic starting conditions are satisfied during automatic stay of an engine 1 1 . By generating combustion 
by an expansion line injecting a fuel in the gas colunm in a compression stroke, and lighting it after 
compression top dead center detection, and carrying out the rotation drive (cranking) of the crankshaft by 
this firing pressure "Starter loess starting" which puts an engine 1 1 into operation, without using a starter 
(not shown) is performed. The function of this ECU30 is equivalent to the starting control means as used in 
the field of a claim. 
[0027] 

By the way, in starter loess starting which puts an engine into operation by the firing pressure, since engine 
rotation fluctuation depressor effect by the starter is not expectable, as shown in drawing 2 , there is an 
inclination for the engine rotation fluctuation by initial combustion to become large. Since the pulse 
separation of the crank angle pulse signal outputted firom the crank angle sensor 24 change with engine 
speeds (refer to drawing 5 ), if engine rotation fluctuation becomes large, pulse separation will stop being 
able to distinguish regular intervals or inequality spacing easily. Therefore, if the pulse separation of a crank 
angle pulse signal are judged immediately and it begins to detect a crank angle criteria location after an 
engine 1 1 begins to rotate by the first combustion, by big engine rotation fluctuation by the initial 
combustion mentioned above, the misjudgment law of the regular intervals of a crank angle pulse signal and 
the inequality spacing may be carried out, and a crank angle criteria location may be incorrect-detected. If a 
crank angle criteria location is incorrect-detected, since wrong gas colimin distinction will be performed by 
this, it will inject and light at the wrong gas colunm, and the fault that it cannot start will occur. 
[0028] 

Then, ECU30 is performing the crank angle criteria location detection propriety judging routine of drawing 
3 mentioned later. Until the predetermined period (for example, 180degree-CA) when incorrect detection of 
a crank angle criteria location may occur from initiation of starting control passes By forbidding detection of 
the crank angle criteria location by the crank angle pulse signal of inequality spacing While preventing 
incorrect detection of a crank angle criteria location, he carries out gas column distinction on the basis of the 
engine shutdown location memorized by memory, and is trying to inject a fuel in the gas colunm which is in 
a compression stroke as an expansion line (refer to drawing 6 ). 
[0029] 

By the way, if it lights earlier than a compression top dead center, since an engine 1 1 can be reversed and 
cannot start, it is necessary to ** ignition timing rather than a compression top dead center, when carrying 
out fuel injection and ignition and starting in the gas column of a compression stroke but, and if ignition 
timing becomes late too much, torque required for starting is not acquired and cannot start. Therefore, 
although it is desirable to set up ignition timing at the stage not to be [ after a compression top dead center ] 
late, since the engine-shutdown location detected at the time of automatic stay is positional information with 
a certain amount of width of face (error), even if it detects a compression top dead center based on the 
number of counts of the crank-angle pulse signal from starting initiation on the basis of the halt location 
detected at the time of automatic stay, it cannot detect a compression top dead center with a sufficient 
precision. 
[0030] 

Then, ECU30 detects a compression top dead center (TDC) based on engine rotation fluctuation, and is 
made to perform ignition after detection of this compression top dead center by performing a fire control 
routine at the starting time of drawing 4 mentioned later until a crank angle criteria location is detected from 
initiation of starting control. When the engine speed in early stages of starting is low, it is alike, therefore an 
engine speed falls and a compression top dead center is crossed, in order to show the behavior to which the 
piston of the gas column of a compression stroke goes up, and cylinder internal pressure rises that cylinder 
internal pressure falls and an engine speed goes up, an engine speed is reversed from a fall to a rise in a 
compression top dead center (refer to drawing 5 ). Therefore, if the location which supervises this engine 
rotation fluctuation and an engine speed reverses from a fall to a rise is detected as a compression top dead 
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center, even if it does not detect a crank angle criteria location, a compression top dead center can be 
detected with a comparatively sufficient precision. Thereby, to timing suitable after detection of a 
compression top dead center, it becomes possible to perform ignition and can start certainly. 
[0031] 

Hereafter, drawing 3 which this ECU30 performs, and the contents of processing of each routine of drawing 
4 are explained. 

The crank angle criteria location detection propriety judging routine of drawing 3 is started during activation 
of the starting control by the firing pressure synchronizing with a crank angle pulse signal. Starting of this 
routine first judges whether angle of rotation of the crankshaft from starting initiation became beyond the 
predetermined crank angle (for example, 1 80degree-CA) to which engine rotation fluctuation becomes to 
some extent small at step 101 based on the number of counts of the crank angle pulse signal from starting 
initiation. And when angle of rotation of the crankshaft from starting initiation has not reached a 
predetermined crank angle (for example, 1 80degree-CA), engine rotation fluctuation is large, distinguishing 
correctly the regular intervals / inequality spacing of the pulse separation of a crank angle pulse signal 
judges that it is difficult, it progresses to step 103, and detection of the crank angle criteria location by the 
crank angle pulse signal of inequality spacing is still forbidden. During the detection prohibition period of 
this crank angle criteria location, gas column distinction is carried out on the basis of the engine shutdown 
location memorized by the memory of ECU30, and it injects a fiiel in the gas column which is in a 
compression stroke as an expansion line (refer to drawing 6 ). 
[0032] 

Then, when angle of rotation of the crankshaft from starting initiation becomes beyond a predetermined 
crank angle (for example, 1 80degree-CA), it is judged with "Yes" at the above-mentioned step 101, and 
progresses to step 102, and detection of the crank angle criteria location by the crank angle pulse signal of 
inequality spacing is permitted. After this, the location (toothless section) which the pulse separation of a 
crank angle pulse signal distinguish regular intervals or inequality spacing, and the crank angle pulse signal 
of inequality spacing generates is detected as a crank angle criteria location, a crank angle pulse signal at 
equal intervals is counted from this crank angle criteria location, and that number of coimts detects a crank 
angle. 
[0033] 

A fire control routine is started during activation of the starting control by the firing pressure synchronizing 
with a crank angle pulse signal at the starting time of drawing 4 . Starting of this routine first judges whether 
angle of rotation of the crankshaft from starting initiation is less than the predetermined crank angle (for 
example, 360degree-CA) that may not have finished detection of a crank angle criteria location at step 201 
based on the number of counts of the crank angle pulse signal from starting initiation. Consequently, this 
routine is ended, without performing subsequent processings, if judged with angle of rotation of the 
crankshaft from starting initiation being over a predetermined crank angle (for example, 360degree-CA). 
[0034] 

On the other hand, if angle of rotation of the crankshaft from starting initiation is less than a predetermined 
crank angle (for example, 360degree-CA), it will progress to step 202 and will judge whether the engine 
speed is falling based on the ratio of the pulse separation of a crank angle pulse signal. Specifically, it is 
these pulse-separation T (i). Last pulse-separation T (i-1) It judges whether the engine speed is falling by 
whether a ratio is larger than a decision value. Here, the decision value is set as the bigger value than 1 . 
[0035] 

At this step 202, it is the pulse-separation ratio T of a crank angle pulse signal (i). IT (i-1) If judged with it 
being larger than a decision value It judges that the engine speed is falling, progresses to step 203, and is T 
(i). IT (i-1) Only 1 counts up the rotation fall counter C which counts the count judged continuously to be > 
decision value. It progresses to step 204 and judges whether the rotation fall counter C is two or more (were 
judged with the T(i) /T(i-l) > decision value continuously twice or more or not?). The judgment of this step 
204 is for preventing the incorrect judging of the engine rotation fall by the crank angle pulse signal of 
inequality spacing (toothless section). 
[0036] 

If the rotation fall counter C is 1 , it will be judged with "No" at step 204, and this routine will be ended as it 
is. Then, if the rotation fall counter C becomes two or more, it will judge that the engine speed is actually 
falling, will progress to step 205, and will set to " 1 " which means that the rotation fall by rotation fall 
detection flag X ends [ detection ]. The behavior of the above rotation fall counters C and rotation fall 
detection flag X is illustrated by the timing diagram of drawing 5 . 
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[OO37] 

Then, if the change direction of an engine speed is reversed in the rise direction from a fall, it is judged with 
"No" at step 202, it progresses to step 206 and it judges whether it is "1 " as which rotation fall detection flag 
X means that a rotation fall ends [ detection ], and when rotation fall detection flag X is "0", it progresses to 
step 209 (when the rotation fall is not detected), and a rotation fall counter C will reset to 0. 
[0038] 

For example, since it is judged with "No" at step 202, and progresses to step 206 and is judged with "No" 
also at this step 206 at the time of this next routine starting when it is judged with "Yes" by the crank angle 
pulse signal of inequality spacing at step 202 during the rise of an engine speed and the rotation fall counter 
C is set to 1, it progresses to step 209 and the rotation fall counter C is reset (refer to drawing 5 ). Thereby, 
incorrect detection of the compression top dead center by the crank angle pulse signal of inequality spacing 
(toothless section) is prevented beforehand. 
[0039] 

When an engine speed continues falling till this last routine starting, the rotation fall counter C becomes two 
or more on the other hand and rotation fall detection flag X is set to "1 " Then, when the engine speed was 
reversed from the fall to the rise and this routine is started, it is judged with "No" at step 202, and it 
progresses to step 206, and is judged with "Yes" at this step 206, and a compression top dead center is 
detected by this. Then, it progresses to step 207, and ignition is performed, it progresses to step 208, and 
both the rotation fall counter C and rotation fall detection flag X are reset. By such processing, the location 
which an engine speed reverses from a fall to a rise is detected as a compression top dead center, and 
ignition is performed after detection of this compression top dead center. In addition, the energization 
initiation timing to a firing circuit (not shown) is determined on the basis of the engine shutdown location 
memorized by memory. 
[0040] 

Although a fall/rise of an engine speed are distinguished and the compression top dead center was detected 
by this routine until angle of rotation of the crankshaft from starting initiation reached for example, 360 
degree-CA If angle of rotation of the crankshaft from starting initiation exceeds 180 degree-CA, since 
detection of a crank angle criteria location will be permitted by the crank angle criteria location detection 
propriety judging routine of drawing 3 , Only a period until a crank angle criteria location is detected from 
starting initiation distinguishes a fall/rise of an engine speed, and you may make it detect a compression top 
dead center. After detection of a crank angle criteria location is because a compression top dead center is 
detectable based on the number of counts of a crank angle pulse signal. 
[0041] 

Since according to this operation gestalt (1) explained above detection of the crank angle criteria location by 
the crank angle pulse signal of inequality spacing is forbidden until angle of rotation of the crankshaft from 
starting initiation becomes beyond the predetermined crank angle (for example, 1 80degree-CA) to which 
engine rotation fluctuation becomes to some extent small, it can prevent incorrect-detecting a crank-angle 
criteria location at the stage when the engine rotation fluctuation in early stages of starting is large. And 
during the detection prohibition period of this crank angle criteria location, since gas column distinction is 
carried out on the basis of the halt location detected before starting (at the time of the last engine shutdown), 
the engine rotation fluctuation in early stages of starting can carry out gas column distinction, without 
detecting a crank angle criteria location at a large stage, incorrect injection and incorrect ignition can be 
prevented, and the startability by the firing pressure can be raised. 
[0042] 

moreover, with this operation gestalt (1), when the engine speed in early stages of starting is low The 
property that an engine speed is reversed from a fall to a rise in a compression top dead center is taken into 
consideration. Since an engine speed detects the location reversed from a fall to a rise as a compression top 
dead center and was made to perform ignition after detection of this compression top dead center based on 
the ratio of the pulse separation of a crank angle pulse signal Even if it does not detect a crank angle criteria 
location, a compression top dead center can be detected with a comparatively sufficient precision. Thereby, 
to timing suitable after detection of a compression top dead center, it becomes possible to perform ignition 
and can start certainly. 
[0043] 

«operation gestalt (2) » 

Although the detection prohibition period of a crank angle criteria location was set up with the above- 
mentioned operation gestalt (1) based on angle of rotation of the crankshaft from starting initiation, he is 
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trying to set the detection prohibition period of a crank angle criteria location as a period until engine 
rotation fluctuation becomes below a predetermined value with the operation gestalt (2) of this invention by 
performing the crank angle criteria location detection propriety judging routine of drawing 7 . 
[0044] 

The crank angle criteria location detection propriety judging routine of drawing 7 is started during activation 
of the starting control by the firing pressure synchronizing with a crank angle pulse signal. If this routine is 
started, it judges whether the current crank angle first presumed at step 301 based on the halt location 
detected before starting (at the time of the last engine shutdown) is near a crank angle criteria location, and 
if it is near a crank angle criteria location, it will progress to step 303 and detection of the crank angle 
criteria location by the crank angle pulse signal of inequality spacing will be permitted. 
[0045] 

On the other hand, at step 301, if judged with it not being near a crank angle criteria location, it will progress 
to step 302 and will judge whether engine rotation fluctuation is smaller than a predetermined value based 
on the ratio of the pulse separation of a crank angle pulse signal. Specifically, it is these pulse-separation T 

(1) . Last pulse-separation T (i-1) It judges whether engine rotation fluctuation is smaller than a 
predetermined value by whether a ratio is in the predetermined range (a lower limit Kl - upper limit K2). 
Here, the lower limit Kl of the predetermined range is set as a value smaller than 1, and the upper limit K2 
is set as the larger value than 1 . 

[0046] 

At this step 302, it is the pulse-separation ratio T of a crank angle pulse signal (i). /T (i-1) If judged with it 
being predetermined within the limits, engine rotation fluctuation will judge that it is smaller than a 
predetermined value, and will progress to step 303, and detection of the crank angle criteria location by the 
crank angle pulse signal of inequality spacing will be permitted. 
[0047] 

On the other hand, pulse-separation ratio T of a crank angle pulse signal (i) IT (i-1) If it has separated firom 
the predetermined range, engine rotation fluctuation will judge that it is larger than a predetermined value, 
and will progress to step 304, and detection of the crank angle criteria location by the crank angle pulse 
signal of inequality spacing will be forbidden. 
[0048] 

since the detection prohibition period of a crank angle criteria location was set up with this operation gestalt 

(2) explained above based on engine rotation fluctuation — engine starting conditions and a fuel — even if 
the rise behavior of the engine speed at the time of starting changes with description, aging, manufacture 
dispersion, etc., there is an advantage which can set up the detection prohibition period of a crank angle 
criteria location proper according to it. 

[0049] 

Moreover, with this operation gestalt, when judged with the current crank angle presumed based on the halt 
location detected before starting (at the time of the last engine shutdown) being near a crank angle criteria 
location, detection of the crank angle criteria location by the crank angle pulse signal of inequality spacing 
was permitted. When an engine speed falls, this can distinguish the regular intervals / inequality spacing of 
the pulse separation of a crank angle pulse signal, and is because a crank angle criteria location is normally 
detectable. In this case, since the misjudgment law of the crank angle pulse signal at equal intervals is not 
carried out to the crank angle pulse signal of inequality spacing and the problem of incorrect ignition and 
incorrect injection does not arise although the crank angle pulse signal (crank angle criteria location) of 
inequality spacing is undetectable when an engine speed goes up, for an engine 1 1, it is an insurance side. 
Therefore, like this operation gestalt (2), even if it permits detection of a crank angle criteria location near a 
crank angle criteria location, it is satisfactory. 
[0050] 

In addition, when judged with the current crank angle presumed based on the halt location detected before 
starting (at the time of the last engine shutdown) being near a crank angle criteria location, you may make it 
forbid detection of the crank angle criteria location by the crank angle pulse signal of inequality spacing. 
Since gas column distinction can be carried out based on the halt location detected before starting (at the 
time of the last engine shutdown) even if such, incorrect injection and incorrect ignition can be prevented 
and the startability by the firing pressure can be raised. 
[0051] 

«operation gestalt (3) » 

He is trying to set the detection prohibition period of a crank angle criteria location as a period until an 
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engine speed reaches a predetermined value with the operation gestalt (3) of this invention by performing 

the crank angle criteria location detection propriety judging routine of drawing 8 . 

[0052] 

The crank angle criteria location detection propriety judging routine of drawing 8 is started during activation 
of the starting control by the firing pressure synchronizing with a crank angle pulse signal. It judges whether 
when this routine was started, the engine speed detected at step 401 based on the pulse separation of a crank 
angle pulse signal reached the predetermined value (for example, 200rpm) first. If a predetermined value 
(for example, 200rpm) is not reached, it is still judged that engine rotation fluctuation is large and it is 
difficult to distinguish correctly the regular intervals / inequality spacing of the pulse separation of a crank 
angle pulse signal. It progresses to step 403 and detection of the crank angle criteria location by the crank 
angle pulse signal of inequality spacing is forbidden. 
[0053] 

Then, if an engine speed reaches a predetermined value (for example, 200rpm), it will be judged with "Yes" 
at the above-mentioned step 401, and will progress to step 402, and detection of the crank angle criteria 
location by the crank angle pulse signal of inequality spacing will be permitted. 
[0054] 

since the detection prohibition period of a crank angle criteria location was set up with this operation gestalt 
(3) explained above based on the engine speed — engine starting conditions and a fuel — even if the rise 
behavior of the engine speed at the time of starting changes with description, aging, manufacture dispersion, 
etc., there is an advantage which can set up the detection prohibition period of a crank angle criteria location 
proper according to it. 
[0055] 

Each operation gestalt (1) explained above in - (3), as the technique of forbidding detection of a crank angle 
criteria location Although it may not be made not to perform processing whose pulse separation of a crank 
angle pulse signal distinguish regular intervals or inequality spacing You may make it forbid detection of a 
crank angle criteria location during the detection prohibition period of a crank angle criteria location by 
changing the decision value fi-om which the pulse separation of a crank angle pulse signal distinguish 
regular intervals or inequality spacing into the decision value which makes inequality spacing distinction 
impossible. If it does in this way, even if the pulse separation of a crank angle pulse signal do not stop the 
processing which distinguishes regular intervals or inequality spacing, detection of a crank angle criteria 
location can be forbidden during the detection prohibition period of a crank angle criteria location. 
[0056] 

In addition, it cannot be overemphasized that this invention is not limited to a 4-cylinder engine, but it 
applies also to below a 3 cylinder or an engine 5 cylinders or more, and can carry out. 
[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the whole engine control system in the operation gestalt (1) of this invention 
[Drawing 2] Drawing which compares starting of only combustion with the rise behavior of the engine 
speed of starter starting 

[Drawing 3] The flow chart which shows the flow of processing of the crank angle criteria location 
detection propriety judging routine of an operation gestalt (1) 

[Drawing 4] The flow chart which shows the flow of processing of a fire control routine at the starting time 
of an operation gestalt (1) 

[Drawing 5] The timing diagram which shows an example of fire control at the starting time of an operation 

gestalt (1) 

[Drawing 6] Drawing showing the relation between the stroke of each gas column, the injection timing at 
the time of starting, and ignition timing 

[Drawing 7] The flow chart which shows the flow of processing of the crank angle criteria location 
detection propriety judging routine of an operation gestalt (2) 

[Drawing 8] The flow chart which shows the flow of processing of the crank angle criteria location 
detection propriety judging routine of an operation gestalt (3) 
[Description of Notations] 

11 [ — A fiiel injection valve, 22 / — An ignition plug, 24 / — A crank angle sensor (crank angle pulse signal 
generating means), 30 / — ECU (a crank angle detection means, starting control means), 37 / — A signal 
rotor, 37a / — Gear tooth. ] — An engine (intemal combustion engine), 12 ~ An inlet pipe, 16 ~ A throttle 
valve, 21 
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[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 




[Drawing 4] 
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[Drawing 6] 
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[Drawing 8] 
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